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Summary

Single-shell tank Waste Management Area U (WMA U) is in the 200 West Area on the Hanford Site.
The area includes the U tank farm that contains 16 underground, single-shell tanks and their ancillary
equipment and waste systems.” WMA U is regulated under the Resource Conservation and Recovery Act
of 1976 (RCRA) as codified in 40 CFR Part 265, Subpart F and Washington’s Hazardous Waste Manage-
ment Act (HWMA, RCW 70.105) and its implementing requirements in the Washington State dangerous

- waste reguiations (WAC 173-303-400).

Relcases of hazardous wastes from WMA U have contaminated groundwater beneath the area.
Therefore, WMA U is being assessed to determine the rate of movement and extent of the contamination
released and to determine the concentrations in groundwater. The original finding of groundwater impact
was determined from elevated specific conductance in downgradient well 299-W19-41. The elevated
specific conductance was attributed to the nonhazardous constituents calcium, magnesium, sulfate, and
chloride. Tank waste constituents nitrate and technetium-99 are also present as co-contaminants and have
increased over the past several years; however, at concentrations well below the respective drinking water
standards. Chromiurn concentrations in downgradient wells have generally exceeded background levels,
but similar levels were also observed in upgradient well 299-W18-25 in early 2000 before it went dry.

The objective of this report is to present the current conceptual model for how and where contaminant
releases have reached the water table and how that contamination has dispersed in the groundwater
systemn. These efforts will achieve the requirements of a groundwater quality assessment under RCRA
140 CFR 265.93 (d)(4)]. On that basis, a monitoring schedule w1th appropnate analytes and proposals for
new wells and tests are presented in this document.
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1.0 Introduction

Single-shell tank Waste Management Area U (WMA U) consists of 16 single-shell underground tanks,
8 diversion boxes, and associated pipelines and valve boxes. In the normal operation of these structures,

~ leaks and spills released hazardous and radioactive constituents into the surrounding soils. In 2000, the

WMA U was determined to have affected groundwater quality (Hodges and Chou 2000); therefore, a plan
must be prepared to determine the rate-of contaminant migration and the extent of that impact. Specifi-
cally, the plan must describe the steps to dehneate the concentrations of groundwater contamination and
the ratz and extent of contaminant migratjon. The ultimate goal of this work is to provide information
necessary for decisions regarding control and remediation of WMA U impacts.

1.1 Regulatory Authority

WMA U, located on the Hanford Site (Figure 1.1), was used to store high-level radioactive liquid and

* entraired solid wastes. The Hanford Federal Facility Agreement and Consent Order (commonly known as

the Tri-Party Agreement; Washington State Department of Ecology et al. 1989 as amended) placed
WMA U under the authority of the Resource Conservation and Recovery Act of 1976 (RCRA) interim
status regulation. The Tri-Party Agreement also placed the interim status sites under the supervision of
the Washington State Department of Ecology. In accordance with these decisions, WMA U is now
regulated under RCRA interim status regulations as codified in 40 CFR Part 265, Subpart F and

~ Washington State dangerous waste regulations (WAC 173-303-400).

The U.S: Department of Energy (DOE) submitted a RCRA Part A (interim status) permit application
and closure/work plan in 1989 to include all RCRA facilities at Hanford. Since that time, some RCRA
sites have been included in the RCRA Part B (final status) permit. As prescribed under Tri-Party Agree-
ment Major Milestone M-45-00, single-shell tank farm WMAs will be closed in accordance with WAC
173-303-610, but the tanks will remain and be closed under interim status regulations. The time and
method of closure are uncertain, but the current version of the milestone requires closure of all single-
shell tank farms by the end of FY 2024. In the meantime, groundwater beneath the WMA U must
contirue to be monitored. ' '

Starting in 1991, groundwater beneath WMA U was monitored by an interim status indicator
evaluation system that compared concentrations of contamination indicator parameters in downgradient
wells to background concentrations of the same constituents established from upgradient wells. Ground-
water flow directions changed approximately 180° twice since 1991 and background concentrations were
reestablished to accommodate those changes. The most recent recalculation was done in August 1999.

_ At that time, one of the indicator parameters, specific conductance, exceeded its background value in one
" downgradient well, 299-W19-41, triggering a change from detection momtonng to a groundwater quahty

assessment (Hodges and Chou 2000).
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Figure 1.1. Location of Waste Management Area U in the 200 West Area of the Hanford Site

Major contributors to the higher downgradient-specific conductance are nonhazardous constituents,
including calcium, magnesium, suifate, and chioride. Nitrate and technetium-99 are also present as
co-contaminants and have increased over the past several years, however, at concentrations well below
their respective drinking water standards. Chromium and nitrate concentrations in downgradient wells
have generally exceeded background levels, but similar levels were also observed in upgradient well
299-W18-25 in early 2000 before it went dry. The higher upgradient chromium concentrations were
accompanied by elevated nickel, iron, manganese, chloride, and turbidity, of which only chloride was
elevated in downgradient wells. '
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1.2 Objective of the Plan

The objective of this plan is to delineate specific actions necessary to determine the rate and extent
of migration of hazardous wastes constituents and the concentrations of those constituents in the ground-
water. Specific actions include well driliing, hydrologic characterization to determine groundwater flow
direction and velocity, and groundwater quality characterization to dehneate the extent and concentrations
of spec:lﬁc hazardous and radioactive contamams -

1.3 Organization of the Plan |

The plan morgamzed as follows:

L O

L

Chapter 1.0 - Introdﬂctioﬁ

Chapter 20— Background including a brief description of facilities in the WMA U, assocxat&d
operations, waste characteristics, site geology, and hydrology as they impact contaminant migra-

tion, and a summary of known vadose zone contamination from spectral gamma 1oggmg

Chapter 3.0 — Groundwater Quahty mcludmg our current understanding of groundwater quahty
beneath the WMA and a description of conceptual models by which contaminants from the WMA
have and may in the future mpact groundwater quality

__Chapter 4.0 — Data Needs required to characterize the rate of movement and extent of contami-

nat:on and contaminant concentrations

Chapter 5.0 — Groundwater Assessment Plan presenting specrﬁc actions to collect those data
1dentlﬁed in Chapter 40

Chapter 6.0 - Quahty Assurance

Chaptér 7.0 — References

_ Appe_ﬁdix A contains a supporting hydrology letter report

Appendix B provides as-built drawings for the existing monitoring wells.




2.0 Background

2.1 Fac'ility-Descript'ion.

- WMA U occupies an area of ~30,000 m” and contains 16 underground single-shell tanks constructed
between 1943 and 1944 (Figure 2.1). Twelve tanks (U-101 through U-112) have capacities of 2,017,000 L.
and four tanks (U-201 through U-204) have capacities of 208,000 L. ‘In addition to the tanks, eight’
diversion boxes, four valve boxes, and associated underground piping are included in the WMA.

The tanks consist of a reinforced concrete tank with a carbon steel lirier that extends across the bottom
of the tanks and approximately 6. m up the walls of the tanks. The concrete dome top is unlined. The
larger tanks are 22,9 m in diameter and are ~9 m in height. The bottom of the tanks are ~11 m below
grade with ~2 m of fill over the top. Various ports in the tank tops are avaiiable for waste transfer and
monitoring. In addition, vadose zone monitoring wells (dry wells) are located in the fill material around
the tanks to aliow monitoring of radionuclide migration around the tanks using geophysical (gamma
logging) methods. The smaller tanks are 6.1 m in diameter and 7.8 m in height. The bottom of the

smaller tanks are at ~11.3 m below grade with ~3.6 m of fill over the top. Buried waste transfer lines run

into the farm to diversion boxes where wastes were routed to various tanks through valve boxes.
2.2 Operational History

The tanks began receiving waste in 1946 (Anderson 1990) and were in more-or-less continual use
-from that time until 1980. A more detailed history of operations is presented in Hodges and Chou (2000).

Four of the tanks in the WMA have been declared leakers based on liquid losses and, in the case of
tank U-104, a known tank rupture (Anderson 1990; DOE 1992; Hanlon 1996). Information about these
leaks is presented in Table 2.1. There is considerable uncertainty in the reported leak volumes, but it is
believed that this waste liquid constitutes part of the source of contaminants that have affected ground-
water quality. All four tanks have been stabilized and contain little or no pumpable liquid.

In addition to the leaks, three unplanned releases have been documented (DOE 1992). The releases
were at ground surface or near surface and waste volumes associated with these unplanned releases are
unknown. The releases may have resulted in significant spread of contamination. One release consisted
of beta contamination.of up to. 20 mR/hr at the surface in the vicinity of the 241-U-151 and 241-U-152
diversion boxes east of the south end of the WMA (UN-200-W-6) in 1950. The second release consisted
of a “violent chemical reaction” in a blending tank in the 244-UR vault located on the north end of the
WMA that spread first-cycle metal waste contamination over an unspecified area (UPR-200-W-24) in
1953. This release continued to spread to the north beyond the fence where it is roped off and identified
as a radiation area. The third release involved a ruptured buried waste line at tank U-103 (UPR-200-
W-128) in 1971. DOE (1997) reported significant surface contamination within the tank farrn and
evidence for several additional unreported releases. '
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Figure 2.1. Waste Management Area U and Regulated Structures




Table 2.1. Summary of Tank Leaks at Waste Management Area U

: Estimated Leak
Tank Location in WMA Date Leak Declared Volume (L)
U101 . " NE Corner 1959 114,006
U-104 | ECentral - | 1954 208,000
UC-110 SE Corner 1975 31,000
U-112 SW Corner 1969 32,000

| The 216-U-13 trench, located immediately west of the tank farm fence (see Figure 2.1), was used for
steam cleaning and decontaminating vehicles and never received tank waste. Contaminated soil was
removed from the u'ench and backfilled with clean fill (DOE 1992).

2.3 Waste Characteristics

A descxiptioﬁ of wastes sent to the U tank farm is presented in Hodges and Chou (2000), but
Table 2.2 is repeated here to docurmnent the chiemicals and radionuclides present in the WMA. Table 2.2
presents average concentrations for selected cdmponents in the waste at WMA U and ratios of their
concentrations to drinking water standards or maximum contaminant levels. These unweighted averages
represent bulk tank concentrations and do not distinguish between liquid and solid phases within the tanks
and, therefore should be used only as a gross indication of tank concentrations. Considerable effort has
been expanded over the past 5 years to develop best-basis inventory estimates for the contents of all 177
Hanford waste tanks. Table 2.2 presents the constituents that could appear in the groundwater from an
impact attributable to the WMA. Major chemical species include sodium, chromium, nitrate, sulfate,
chloride, and fluoride. Nitrite and ammonium are present in the tanks in significant quantities, but they.
are rarely detected in Hanford Site groundwater because they are probably converted to nitrate by
bacterial action. Nitrite has only rarely been detected in samples collected in WMA U.

Some of the tanks also contain significant quantities of organic complexants used during plutonium
separations operations. These compounds are mobile and may be co-contaminants in wastes originating
from the tanks. ' '

In addition to the chemical constituents, the tank waste contains a wide variety of radioactive constit-
‘uents, including cesium-137, strontium-90, cobalt-60, tritium, technetium-99, iodine-129, selenium-79,
and neptunium-237, along with several isotopes of uraninm and plotonium. From the perspective of
transport, the most important radioactive indicators of groundwater contamination for the WMA are -
tritium, technetium-99, and iodine-129. :
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Table 2.2. Selected Waste Constituents in Tanks at Waste Management Area U

(Hodges and Chou 2000)
: Average Concentration Cancentration Divided by
Waste Component in the Tanks DWS or MCL
Sodium. 1.5x 10° pg/L (2)
Calcium 1.6 x 10° pgfl. (@)
Chromium . 2.6%10° g/l 26,000
1 Nitrate 1.4 x 10° ug/L 3,111
4 Nitrite 4.46 % 10" pe/L 13,508
Ammoninm 6.68'x 10° ug/L ()
| Suifate 1.7 x 10" pg/L 34
Chioride 3.0 x 10° pg/L (2)
|| Flooride 6.2 x 10° pg/l. 155
{ Phosphate 1.3 x 107 ug/lL {a)
Carbon-14 2.02 x 10" pCi/L 10,100
{ Cesium-137 1.59 x 10" pCi/L 795,000,000
Strontium-90 7.83 3 10 pCi/L 9,790,000,000
Tritinm 1.4 x 10° pCi/L. 7,000
Cobalt-60 2.2 x 107 pGifL. 220,000
| Technetium-99 1.4 x 10° pGifL 155,555
 Seleninm-79 2.01 x 10° pCifL . {(a)
 lodine-129. 2.7 x 16° pCifL. - 270,000
|| Uranium-232 4.15 x 10° pCUL (a)
| Urantum-233 1.59 x 10° pCi/L (a)
Urantum-234 2.05 x 10" pCi/L. (a)
1 Uranium-235 9.1 x10° pCi/L (&)
| Uranium-236 2.02 x 10° pCVL (a)
Uranium-238 2.06 x 10" pCi/L @)
Uranium 2.52x 10° pg/l - 12,600
Neptunium-237 '5.19 x 10° pCi/L. 34,600
Plutonium-238 - 6.71 x 10° pCi/L 44,700
Plutonium-239 3.85 x 10° pCi/L 25,700,000
Plutonium-240 5.52x 10" pCi/L 3,680,000
1 Platontum-241 3.72 x 10° pCi/L 24,800,000
Plutonium-242 1.6 x 10° pCi/L - 107
Americium-241 3.4 % 10° pCi/L - 227,000
Americium-243 3.92x 10° pCi/L 261 ;
Curium-242 3.14x 10° pCifL. 20,900 !
N Corium-243 1.33% 10° pCy/L 887 41
Curium-244 1.78 x 10° pGi/L 11,900 - ?

(2) No applicable drinking water standard (DWS) or maximum contaminant level (MCL).

7



24 Geology

The geologic materials beneath the WMA play an important role in this plan by servingas a .
secondary source from contamination leaked to ground as well as influencing where and how contami-
nants move through the vadose and saturated groundwater zones. In general in 200 West Area, the
Elephant Mountain Member of the Saddle Mountains Basalt, Columbia River Basalt Group serves as the
* base of the unconfined aquifer (Reidel and Fecht 1981). The unconfined aquifer is located in the Ringold
Formation. The Hanford formation (informal rame) sedatmntary sequence overlies the Ringold
Formation and extends to ground surface. For a detailed geographic and geologic description of the
stratagraphm units present in the 200 West Area, see Lindsey et al. (1992). Additional discussions of the
. geology beneath WMA U specifically are found in Price and Fecht (1976).

WMA U is situated in the south central portion of the 200 West Area where specific sedimentary
strata influence contaminant migration pathways in significant ways. Two geologic cross sections are
shown in Figures 2.2 and 2.3. Figure 2.4 is a location map showing where the cross-sections are located.
Plate 1 in the back of the report provides a more complete description of the geology summarized in
Figures 2.2 and 2.3. The suprabasalt sediments that compose the uppermost aguifer system are approxi-
mately 170 m thick and lie on the surface of the Elephant Mountain Basalt bedrock, which dips to the
-south-southwest beneath WMA U. Ringold Unit 9 lies directly on top of the basalt and is up to 30 m
thick. This unit is composed of sand and gravel and dips to the south-southwest. The Ringold Unit 8
(Lower mud umt) confining interval lies on top of Ringold Unit 9 approximately 140 m below ground
surface and averages over 15 m thick. The hydraulic conductivity of this unit is low, estimated at less
than 10°° m/d (Bergeron and Wurstner 2000); therefore, it effectively serves as the base of the upper
aquifer. Ringold Unit 8 also dips to the south-southwest beneath the tank farm. The uppermost aquifer,
approximately 65 m thick beneath WMA U, is entirely within the ngold Unit 5 (Ringold Unit E) gravel,
which lies on top of Ringold Unit 8.

Ringold Unit 5 gravel is best described as fluvial sandy gravel ranging from sand to silty sandy gravel
and cobble gravel. Gravels are generally clast supported. Drill cuttings, drill rate, and geophysical logs
easily identify the Ringold Unit 5 gravel. The top of Unit 5 is above the water table and drops approxi-
mately 3 m to the south-southwest beneath the tank farm. The Upper Ringold Unit (Unit 4) is not present
beneath the tank farm based on a review of drdhng geoiogxc and geophysical logs. The fme—grmned
Plio-Pieistocene interval overlies ngold Unit 5. '

Above the water table, the vadose zone is composed in ascending order of the upper Ringold Unit 5
siity sandy gravel, which is unconformably overlain by the Plio-Pleistocene interval composed of sandy -
silt to clay and includes a basal carbonate cemented soil horizon (caliche zone), and fma]ly the Hanford
silt, sand, and gravel. The vadose zone is approximately 67 m thick.

The Plio-Pleistocene interval is composed of two distinct intervals that may affect infiltration of tank
leaks and other Hquids: 1) a basal soil horizon (caliche zone) that developed on the exposed paleo-surface
of the Ringold Formation, and 2) a thicker fine sand/silt unit above, The caliche zone is composed of -
calcium carbonate cemented sand, silt, and/or Ringold gravel. Cementation varies from finely dissemi-
nated carbonate particles in the silt to calcivm carbonate nodules in the fine sands. Within the gravel the
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Figure 2.2. North-South Geologic Cross-Section
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. caliche exhibits variable matrix cementation that can form hard solid white to pale white stringers or
layers. Root casts and weathered sediments have aiso been identified (elsewhere) within this interval.
The top of the caliche zone dips approximately 3 m to the south-southwest beneath the tank farm similar
to the Ringold Formation Unit 5. The caliche grades downward into unaltered, un-weathered Ringold
Unit 5 gravel, which can be distinguished from the weathered gravel by the lack of carbonaté reaction to

dilute hydrochloric acid. The caliche zone averages approximately 1 m thick.

Above the caliche zone, the Plio-Pleistocene is composed of mostly very fine sandy silt to silt/clay
that exhibits very little depositional structure (i.e., massive) in core samples and, therefore, has been
interpreted to be eolian in origin. This interval dips 2.5 tc 3 m to the southwest similar to the Ringold
Unit 5 and ranges from 3 to 6 m thick beneath WMA U. The Plio-Pleistocene interval is an areally
extensive zone beneath most of the 200 West Area where conditions of perched water have been noted.
Locally, liguid effluent discharged at the Z ditches to the west and the U-14 Ditch and U1/2 Cribs to the
east, has perched above this interval. These observations indicate that water percolating through the
vadose zone beneath the WMA may move to the south-sonthwest along the top of the Plio-Pleistocene
interval.

The Hanford formation {Unit 1) overlies the PIio:-Pleistocené interval and can be separated into two

depositional intervals: 1) the lower H2 unit composed of mostly sand and silt, and 2) the H1 unit, which

is composed of higher-energy deposits consisting of coarse-grained sand to gravel. The contact between
the H1 and H2 units is gradational and irregular and slopes to the east-northeast, unlike the older forma-
tions beneath the Hanford formation that all dip to the southwest. The H1-H2 contact drops approxi-
mately 3 m to the northeast across WMA U. The H2 unit averages 24 m thick, thinning to the northeast
and east. The slope of this unit most likely was shaped and controlled by higher-energy flood deposits as
a facies transition as indicated by the accumulatlon of coarser-grained sediments above it. The H2 unit is
composed of stacked, repeating, flat lying sequences of silt and fine sand lamina. These thin-bedded
intervalis can be differentiated only by intact sediment core evaluation. The H2 typically is a fining down-

ward sequence based on core analysis and geophysical log interpretations. The only notable change in the -

H2 unit is a gravelly sand lens that develops in wells just west of the tank farm near the Z ditches, The
gravel does not exist beneath the tank farm but records indicate that infiltrating water from the Z ditches
at one time satarated the upper H2 unit and this gravel interval. The eastern extent of this gravelly '
interval has not been determined becanse it does not exist in wells beneath or surrounding the tank farm.

The base of the tanks is within the H1 unit, near the H1-H2 boundary, therefore, the migration of
water and waste liquids from within the tank farm is controlled within the vadose zone by this contact, the
Plio-Pleistocene unit, and Ringold Unit 5. With the exception of the H1-H2 contact, these units slope to
the south-southwest; therefore, it is probable that leaking tank liquids could mlgrate laterally to the
- southwest along the older, lower sedlmentary mterfaces

"The upper H1 unit is differentiated from the H2 unit primarily by grain size; a significant change in
overall grain size occurs at the H1-H2 boundary, from a uniformly coarser sand and gravel above to finer-
grained sand and silt of the H2 unit below. Within the H1, sediments may be composed of coarse sand to
silty sandy gravel, and clean clast-supported (open framework) gravel. The H1 interval is considered the
most permeable unit in the suprabasalt sequence because of the lack of cementation and its well-sorted
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and clast-supported nature. The H1 unit is approximately 12 to 15 m thick. Most cribs and ditches in the
area surrounding the tank farm that have released liquids to the ground are constructed within this very
permeable interval. Overlylng the Hanford H1 unit is a thin veneer (1 to 3 m) of recently depos1ted eolian
silt and sand.

2.5 Hydrology

Water beneath the WMA is found in the unsaturated vadose zone above the water table and in the
saturated zone below the water table. Properties of groundwater in both regions are important in under-
standing how the WMA may impact groundwater quality. Generally, groundwater refers to water below
the water table and this convention will be used in this plan.

2.5.1 Vadose Zone Hydrology

The unsaturated sediments above the water table affect how waste solutions move through the soil,
how much is retained in the sediment column, and how much waste eventually reaches the water table.
The source of contamination for the WMA is liquid waste released to near surface or subsurface sedi-
ments. These liquids move through the sediment under unsaturated conditions and as a result, tend to
spread laterally at changes in stratigraphy. Small volume leaks would tend to be retained in the vadose
zone near the leak point. Larger leaks would be expected to move deeper in the soil, spreading laterally
as the wetting front moves downward.

A major stratigraphic change is the top of the Plio-Pleistocene unit. This unit, located about 30 m
below ground surface would slow the downward movement of water and divert it to the southwest, the
direction the top of the unit is dipping bencath the WMA. Water from a waste release may reach the
water table at a time, location, and conceniration depending on its volume, depth of release, and diversion
from downward movement at a stratigraphic change. Over time, wastewater released to the sediment
column near ground surface will evaporate or be driven downward to the water table by new inputs of
water to the sediment column from above. It is this downward movement of water in the vadose zone that
carries waste contaminants to the water table. Water movement in the unsaturated zone is relatively slow
compared to groundwater flow below the water table, delaying the observed impact of a near sarface
waste release on groundwater quality.

2.5.2 Saturated Zone Hydrology

Properties of the groundwater system determine where contaminants are transported, how widely they
spread and their resultant concentrations, and how fast they move away from the WMA. Groundwater
characteristics important for this plan are the direction of groundwater flow in three dimensions and the
flow rate. These properties may be determined several ways, but the standard method for this WMA has
been to measure water levels in surrounding monitoring wells. A depiction of the water table surface in B
March 2001 is presented as a water table map in Figure 2.5.
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Groundwater flow direction and hydraulic gradient across WMA U were also determined by
performing a trend surface analysis of water level measurements in surrounding monitoring wells. An
analysis of these data is presented in the letter report provided in Appendix A®. Three combinations
were evaluated: 1) the WMA as a whole, 2) the northern WMA, and 3) the southern WMA. In summary,
the hydraulic gradient has remained constant at approximately 0.0021 and consistently easterly ground-
water flow direction is indicated (Tables 2, 3, and 4, Appendix A).

Groundwater flow velocity, v, has been estimated using the Darcy equation:
v=-Ki/n,

where K = hydraulic conductivity
i = hydraulic gradient
n. = effective porosity.

Values for hydraulic conductivity and effective porosity have been determined from various aquifer
tests including slug tests, constant-rate pumping tests, and tracer-dilution tests. A description of these
tests and their results are presented in Spane et al. (2001). These tests indicated that the hydraulic con-
ductivity and effective porosity (specific yield) for the area around well 299-W19-42 are 6.12 m/d and
0.17. Hydraulic conductivity determined from slug tests at well 299-W19-41 ranged from 1.1 m/d to
1.9 m/d, but, according to Spane et al. (2001), the test responses indicated that the well was probably not
fully developed, which may explain why the hydraulic conductivity was lower than in well 299-W19-42.
Using the data from well 299-W19-42, the groundwater flow velocity is calculated to be about 30 m/yr.

Over time, groundwater flow direction and velocity may change in response to dewatering of the
unconfined aquifer beneath the WMA. The aquifer, which was artificially recharged by Hanford opera-
tions resulting in a rise in the water table, is no longer receiving large volumes of water and the excess
water is draining from the aquifer. The resultant falling water table may change the groundwater flow
direction and cause the hydraulic gradient to decrease. Hydrographs for WMA U groundwater monitor-
ing wells are shown in Figure 2.6. The water table has been dropping at a linear rate of about 0.4 m/yr
since 1998. Since 1997, water levels in upgradient and downgradient wells have separated into two
populations indicating a distinct gradient across the WMA.

Previous interpretations of water levels in an area north of WMA U indicated that groundwater
withdrawals from a nearby pumping well 299-W15-37, part of the ZP-1 Operable Unit pump-and-treat
remedial action, caused groundwater in the northern half of WMA U to be diverted to the north-northeast
direction from the generally easterly flow direction. Because the well is about 100 m from the northern
boundary of the WMA, the well was thought to have diverted groundwater flow even though there were
no wells between the pumping well and the north end of the WMA to support this assumption. Pumping
of the well was permanently discontinued on January 17, 2001. Before the pumping well was to be shut
down, pressure transducers and data loggers were placed on two WMA U monitoring wells to record any
impact on water levels. In addition, weekly water level measurements in wells surrounding the WMA

(a) F. A. Spane, letter report to R. M. Smith, March 14, 2001.
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Figure 2.6. Hydrographs for Groundwater Monitoring Wells at Waste Management Area U

were started. The letter report presented in Appendix A provides a detailed analysis of water levels and
groundwater flow before and after well 299-W15-37 was removed from the remedial action. Figure 2

in Appendix A shows the manually measured water levels for six monitoring wells around WMA U.

This figure shows that water levels in all of the wells responded similarly; therefore, pumping at well
299-W15-37 has affected all of the wells equally. Spane (Appendix A) evaluated the effects of shutting
down pumping well 299-W15-37 and concluded that water levels were affected in the two wells moni-
tored, 299-W18-31 and 299-W19-42, but only by up to 0.1 m. Because atmospheric changes affected
water levels by up to 0.25 m over a several day period, the effect of the pumping well could be deter-
mined only by removing barometric effects. Continued monitoring indicated that the rising water levels
(recovery period) lasted only 1 month, at which time, water levels began to drop at the rate of the regional
water table in 200 West Area of about 0.4 m/yr. Therefore, contrary to previous interpretations, while
pumping well 299-W15-37 did have an impact on groundwater in the vicinity of WMA U, that effect was
apparently equal across the entire area and negligible in its effect on groundwater flow direction and
velocity.

The falling water table affects the regional hydraulic gradient and groundwater flow rate and also

shortens the useful lifetime of monitoring wells. The water table will reach steady-state levels when it
reaches pre-Hanford levels or some other level based on current and future aquifer recharge scenarios.
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Kipp and Mudd (1974) presented a water table map for the Hanford Site in 1944, prior to Hanford
operations, which was based on water levels estimated from data collected between 1948 and 1952. The
estimated water table elevation in the vicinity of WMA U was about 124 m above sea level and is the
assumed base level to which the water table could fall. The 1944 estimated water table elevation for
200 West Area may be low, indicated by later maps showing the water table 3 m to 6 m higher in areas
unaffected by Hanford operations. Bergeron and Wurstner (2000) predicted post-Hanford steady-state
water levels using a three-dimensional groundwater flow model of the Hanford Site. The predicted
steady-state water level elevation for the WMA U area is about 130 m. These water levels, the current
water table position, and the screened intervals for the current monitoring wells are presented on
Figure 2.7. The figure shows how much screened interval is currently available for groundwater
monitoring and where the bottom of the screened interval is located relative to possible future baseline
water levels.

~ Screen Above Water
Table

| Water Table

Elevation (m)

Baseline

B 1944 Water Level
Estimate

@ Groundwater Below |

|
|

m Modeled Water Levell

Monitoring Well

Figure 2.7. Screened Interval Relative to Current and Future Water Levels

Upgradient well 299-W18-25 had about 0.2 m of water above the screen bottom; too little to sample
and it will be completely dry within 6 months. With the water table falling at a rate of 0.4 m/yr, the next
well that will become unsampleable is well 299-W18-31 in about 6 years. Well 299-W18-30 has an
estimated lifetime of about 8 years. The other wells and the new wells will likely have a lifetime that is
independent of water levels unless the baseline water level drops to the 1944 predicted level. Conserva-
tively, those wells have a minimum lifetime, based on water levels, of about 25 years.
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2.6 Vadose Zone Contamination

Contaminants that reach the water table must pass through the vadose zone where plumes from past
leaks and spills have been retained or their movement slowed by either chemical (sorption) or physical
(water retention under unsaturated conditions) processes. Knowing the location of current vadose zone
contamination provides a basis for focusing groundwater monitoring on a specific area of the WMA or
providing an explanation for groundwater contamination if it is detected. Spectral gamma logging in
boreholes drilled around tanks in the WMA has been conducted to delineate where gamma emitting
radionuclides are located in the vadose zone (DOE 2000). While the radioactive contaminants detectable
by gamma logging are considered fairly immobile in Hanford sediments, the vadose zone plumes identi-
fied indicate where more mobile tank constituents have been released to the soil and provide a minimum
indication of how deep the plumes may have migrated.

Figures 2.8 and 2.9 contain selected figures from the addendum to the U tank farm spectral gamma
logging report (DOE 2000). These figures present the authors’ spatial representation of the spectral
gamma logs collected for each drywell and are used in this report to indicate the general locations of
gamma contamination around the tanks. The gamma logs, which present the actual data, are included
in the logging report (DOE 2000). The addendum and the original report can be viewed at hitp:/www.
doegjpo.com/programs/hanf/HTFVZ.html.

Figure 2.8 presents a general representation of detected contamination at progressively deeper posi-
tions beneath ground surface ranging from 1.2 m to 30.5 m deep. This figure generally indicates that
contaminated sediments are located mainly near ground surface and at and just below the bottom of the
tanks. Approximately 50% of the near surface sediments (1.2 m below ground) appear to be contami-
nated as shown in Figure 2.8a. At 7 m deep, just above the bottom of the tanks, Figure 2.8b indicates that
only one borehole adjacent to tank U-110 contained significant gamma contamination. Figure 2.8c shows
that at 17 m, approximately 6 m below the bottom of the tanks, uranium and cesium spread from each of
the reported leaking tanks except for tank U-101. Subsurface contamination appears to be the most wide-
spread at this depth indicating that most of the deep contamination was from tank leaks and that it was
retained close to the bottoms of the tanks. The uranium distribution suggests that liquids leaked from
tank U-104 may have spread to the southwest. At 30.5 m, only one borehole contained measurable
amounts of cesium contamination. Figure 2.9 shows four, three-dimensional views of vadose zone
contamination. These figures indicate that liquid wastes leaked to the sediments tended to spread at a
depth that is near the contact between the H1 and H2 units in the Hanford formation. This effect can be
observed most easily in Figure 2.9b where the shape of the cesium plume beneath tank U-110 and the
uranium plume beside tank U-111 appear flattened. The maximum depth of cesium detection beneath
tank U-112 appears to coincide with the top of the Plio-Pleistocene interval. These relationships warrant
additional attention when the WMA is investigated for closure purposes.

These spectral gamma data indicate that near surface sediments are extensively contaminated, but this
contamination has remained near the surface. The source of this contamination is likely spills and
unplanned releases and not the tanks. Deeper contamination appears to be associated with tank leaks that
spread laterally at the bottom of the tanks. It appears that some of the contamination also spread laterally
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Figure 2.9. Three-Dimensional Distribution of Gamma Radionuclides Beneath
Waste Management Area U (from DOE 2000)
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Figure 2.9. Three-Dimensional Distribution of Gamma Radionuclides Beneath
Waste Management Area U (from DOE 2000) (continued)
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at the contact between two sediment units within the Hanford formation. The deepest extent of contami-
nation detected is cesium-137 at slightly deeper than 30 m adjacent to tank U-112. Subsurface gamma
emitting contaminants: were found at various depths in the southern half of the WMA,; therefore, mobile
contaminants in the leaked waste would be expected toreach gmundwate_r beneath the middle to southern
haif'of the WMA. A surprising observation was that-no subsarface contamination was found in the four
drywells around tank U-101 that reportedly leaked 114,000.L of tank waste into the surrounding sedi-
ments. This could be because there are no m{)mtonng dryweiis on the northern haif of the tank and only
one d:t‘yweil on the east snie of the tank, : & _

3.0 Gmpndwater Quality

3.1 Existing Data

Hodges and Chou (2000) discussed groundwater quality data for WMA U. Concentrations of
calcium, magnesium, sulfate, chioride, nitrate, technetivm, and chromium were higher in downgradient

 wells than upgradient wells. None of the constituents that affected groundwater quality exceeded drink-

ing water standards. Increases in calcinm, magnesium, sulfate, chioride, and nitrate are responsible for
elevated levels of specific conductance. The impacts were observed mainly in the downgradient wells on
the soathern half of the WMA. The pH in well 299- ‘W19-12 is statistically higher than all other wells in
the monitoring network. The cause of the elevated pH may be due to well construction tcchmques in
which cement was used to seal the annulus of the well. The elevated pH is not currently thought to be an
effect of the WMA. ' :

32 Conceptual Model

The sources of contaminants in groundwater beneath the WMA are vadose zone plumes genez:aied

' from tank leaks, pipe leaks, and various releases as ‘described in Section 2.2. None of the releases werc

likely tobe of sufﬁment volurne to reach the water table méependent of additional water sources. It is.
likely that infiltrating precipitation was focused to the sides of the tanks by the “umbrella effect” where
the tops of the tanks shed percolating water to the sediments surrounding the tanks. In addition, the tank
farm has received “run-on” water from snow melt and high intensity, short duration precipitation events,
and pipeline leaks of clean water used in the tank farm. In addition to these sources of water, the gravel
cover and the practice of removing and preventing the growth of vegetation on the surface of the WMA,
encourage the infiltration of any water that reaches the area. These sources of water likely mobilized
contarninants in the vadose zone where they were eventually leached to the water tahle where they _
affected. grm:mdwater quahty :

Groundwater chemistry downgradzent of the WMA indicates the source of contamination is close and

of smzll volume so far. The major changes in gromdwater chemistry are increases in calcium, magne-
sium, sulfate, and nitrate. While nitrate and sulfate are major constituents in the waste, the other ionic
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species are major components of the natural vadose zone sediments. As water moves through the vadose
zone, it may encounter a contaminant plums mix with waste solutions, incorporating sodium, nitrate,
sulfate, and other soluble species from the plume and continue migrating through the vadose zone. The
migrating solution encounters natural deposits of calcium carbonate and gypsum (calcium sulfate) and '
dissolves them in accordance with their solubility. As the:solution migrates through the sediment column,
soluble cations calcium, magnesium, and sodium compete for ion exchange sites on the sediment parti-

- cles. Because of the limited supply of sodium, it exchanges for cations on exchange sites, leaving the
solution enriched in calcium and magnesium, rather than sodium. Therefore, with a small volume or
percolating liguid, the first arrival of the waste will contain elevated calcium and magnesiom, Sulfate will
be present because gypsum would be dissolved by the percolating solution and sulfate will be leached
from any waste plumes encountered. Soluble nitrate in the waste plume would dissolve into the
percoiating solution and be carried downward. Technetium-99 behaves similarly to nitrate, so the
percolating solution that encountered a technetium-99 bearing waste plume would also contain elevated
technetitim concentrations. If the percolating solution were a large volume plume of tank waste, the
solution arriving at the water table would be characterized by high concentrations of sodium, nitrate,
sulfate, and technetium. These conditions were not found in groundwater downgradient from the WMA.
The chemical composition and low concentrations of waste constituents in groundwater downgradient of
WMA U indicate that the impact has more likely been from small volumes of water leaching through -
existing vadose contaminant phimes. '

4.0 Data Neéds

Waste sources within WMA U cansed increases in nonhazardous major ion species and
co-contaminants technetium-99, nitrate, and possibly chromium in groundwater downgradient of the area.
These contaminant concentrations are currently iow and their presumed spatial extent is small, however,
knowledge about where waste releascs have occurred suggests that there are some gaps in groundwater
monitoring coverage. In addition, the current concepiual model for the Site indicates that most of the
released contamination is in the vadose zone; so continued groundwater monitoring is warranted to
determine if contaminants are transported into the groundwater system in the future The site conceptual
model could change as additional data are collected.

4.1 Spatial Coverage

Five wells are currently used to monitor the WMA U. These wells, shown on Figure 2.1, are _
insufficient to monitor the WMA for three reasons. First, the north end of the WMA is contaminated
from releases from the 244-UR-Vault and there are no wells monitoring the downgradient, eastern side
of the WMA at this point. Second, well 299-W19-12 is an older well with elevated pH indicating that
cement used in its construction may be affecting the quality of groundwater samples. Third, upgradient
well 299-W18-25 went dry in 2000 and has not been replaced.. Most of the contamination has and is
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currently detected downgradient of the sonthern end of the WMA in monitoring well 299-W19-41. An
upgradient weli is needed for the WMA. These wells are discussed in Section 5.2.

No monitoring wells have extended more than 10 m below the water table. Therefore, the vertical
extent of contamination from the WMA is unknown. There are no indications that drivers currently exist
to cause contamination to migrate below the current depth of the monitoring wells. Wastes released from
the WMA are concentrated brines which might suggest that if a dense fluid waste reached the water table,
it could migrate deeper in the groundwater system before it is transported laterally from the area. Because
the wastes reaching the water table to date have been of relatively low concentration, these conditions
probably have not existed. A planned well completed deeper in the groundwater system near well
299-W19-41, where the highest downgradient contamination is found, will be used to evaluate the depth
of contamination below the water table

4.2 Groundwater Flow

As described in Section 2.4, groundwater flow in the vicimty of WMA U has been characterized well
enough to know the current flow direction and velocity. Adquifer properties such as hydraulic conduc-. -
tivity and specific yield have been determined from aquifer tests. As additional monitoring wells are

. drilied, aquifer tests will be conducted to collect additional point measurements of hydraulic conductivity.

These tests are necessary becanse as the water table falls; the wells are completed in deeper, uncharac-
terized portions of the aquifer.

The major data need for groundwater flow is to continue momtonng water levels so that groundwater
flow directions and gradlents can be updated on a penodm basis.

4.3 Groundwater Quality

The major grmmdwater quality data needs are to monitor known tank waste constituents and indica-
tors that could reach the water table. Trends in these constituents are needed to judge the nature of the
continued impact of the WMA on groundwater quality. Samples from deeper in the aquifer will prowde
uﬁormauon about the vertical extent of contamination from the WMA,

5.0 Groundwater Assessment Plan

Plans presented in this section are based on data needs presented in Section 4.0. The observed
impacts of the WMA on groundwater quality are minor to date, but some gaps in coverage need to be
filled and the area needs to be monitored to ensure that possible future impacts are characterized. There-
fore, the plans include constructing additional groundwater monitoring wells and monitoring groundwater
for those Site-specific constituents contained in the wastes at f:equencles appropriate for the rate of
groundwater flow beneath the area, guarterly at a minimum.
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5.1 Approac'h |

The original assessment, the first determination (Hodges and Chou 2000), showed that WMA U had
affected groundwater quality with nonhazardous major ion species and co-contaminants technetium-99,
nitrate, and chromivm. Since that report was published, levels for specific conductance, nitrate, and
technetium-99 have continted to rise, indicating that wastes are continuing to drain through the vadose
zone. Continued groundwater monitoring will be performed to follow those trends. In addition, on a
periodic basis, samples will be analyzed for other tank waste constituents to see if they have reached
groundwater. Five additional wells are planned to fill some gaps along the downgradient margin of the
WMA, to replace a dry upgradient well, and to explore the vertical extent of the detected contamination.

5.2 New Wells

Five new monitoring wells are planned for WMA U. The new well locations are shown on

Figure 5.1. These wells and their locations have been agreed to between DOE and the Washington State

" Department of Ecology. Wells 1 through 3 will be drilled in CY 2001; wells 4 and 5 have been proposed
but their construction schedule has yet to be determined. Wells 1 and 3 will be drilled on the down-
gradient margin of the WMA and completed in the top 10.7 m of the aquifer. These two wells will be
evenly spaced between wells 299-W19-41 and 299-W19-42. The two new wells will replace well
299-W19-12 because groundwater samples collected from the well have elevated pH levels, indicating
that the samples may be compromised by the cement used in construction of the well. Well 2 will be
drilled on the upgradient side of the WMA, about 30 m north of existing well 299-W18-25 that is dry.
Well 2 will be drilled far enough north to aveid a U tank farm runoff control system that will be

constructed through the area in the summer of 2001. Well 4 will be drilled directly downgradient of the
244-UR Vauit. Well 4 will be drilled adjacent to well 299-W19-41 and will be drilled to the Ringold
Lower Mud unit. Water samples will be collected as the well is drilied. Rapid groundwater analyses will
provide information about the distribution of contaminants and ultimately where the well should be
completed in the deeper part of the aquifer. The purpose of this well is to define the vertical extent of
contamination at the location where the largest groundwater quality impact has been detected. Well 5
will be drilled downgradient of the north end of the WMA where releases from the 244-UR Vault
occurred. These new wells will be placed on the same sampling and analysis schedale as the existing
wells.

As the wells are drilled, sediment samples will be collected every 5 ft and at changes in stratigraphy.
Continuous core will be collected from ground surface to the top of the Ringold Formation or refusal in
well 1. Moisture samples will be collected from the splitspoon shoe. As well 4 is drilled through the
unconfined aquifer, water sampies will be collected at the water table; at 10 m, 20 m, and 30 m below the
water table; and just above the Lower Mud Unit. These samples will be analyzed for nitrate, sulfate, and
technetium-99, the major waste constituents whose elevated concentrations would indicate a WMA
impact on groundwater quality. The wells will be logged by spectral gamma techniques to provide gross
gamma logs and specific logs for potassium-40, uranium, thorium-234, and anthropogenic gamma
emitting radionuclidés before a smaller string of casing is used in the well. These data will be used
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Figure 5.1. Proposed New Wells for Waste Management Area U
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to refine the geoiogm model of the area. The geologist’s logs, geophysical logs, construction specifi-
cations, and any other uﬁornmtlon collected during dnllmg will be documented in borehole completion
reports -

5.3 Sampling and Analysis

The current groundwater monitoring network consisis of five wells. The wells and some of their
important characteristics are presented in Table 5.1. Well 299-W18-31 is upgradient of the WMA and the
other four wells are downgradient. Wells 299-W18-25, 2909-W19-31, and 299-W19-32 are included for
reference only because they have gone dry and can no longer be sampled. They are included because
water quallty data from those well-s are mponant n understanding past grmmdwater conditions.

Tabie 5.1. Wcus in - Monitoring Network

L

£

Depthto | | Length of
Bottom | Depthto Water
of Water on Column in
: . Screen |- 3/1/01 | _Scree_:n on | Screen Construction Monitoring
Well ' {m) Co(m)y 3/1101 (m) Length (m) | <Casing/Screen Interval
C §200.Wi830" - | 714 68.7 27 107 ~ '88/88@ Top of unconfined
1 299-w18-31™ 67.8 65.7 2.1 10.7 SS/SS Top of unconfined
200-W19-12%® | 732 68.6 46 - 122 CS ©/ss Top of unconfined
1290.-w19-41% 77.8 69.1 87 10.7 SS/SS Top of unconfined
299-W19-42% . | 778 689 | 89 | 107 SS/SS Top of unconfined
200-W18-25%09 1 655 659 04 4.6 SS8/8S Dry
299-W19-31°¢ | 67.8 68.1© 03 46 - SS/S8 Dry
209-W19-3271¢@ 67.8 683© 05 46 SS/8S Dry

Note: Superscript following well number deriotes year of installation.

{a) Stainless steel

{b) Pre-RCRA; the bottom 3 m of the well have been filled.

(c) Carbon steel.

(d) Unsampleable

(2) The water table has dropped below the screen; depth to water has been approxmlated from nearby wells.

Table 5.2 presents the samplmg frequency for each well and the analyses that will be performed.
Additional constituents present in tank wastes may be added to the list presented in Table 5.2 and the

monitoring frequency may be modified at the discretion of the project scientist based on data needs. After

the new wells are sampled the first time, their sampling and analysis schedule will be adiusted so that they
"are sampled at the same time as the currently existing wells.
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"Table 5.2. Sampling Frequency and Constituent List

3 g3 Al
: = 2 :
| ‘Well é "E ﬁn 2y g
. . = 4] _'c _g 1 - 0 B
3 El > 5 E § s ] ° 2
o ElEITEls | S5 glg | 3
Sl | BI5IEEl 52l |21E171% B
Slm| 5| 2|EE/8|81E|8|E18|lc| S
wiR| R <CE 2RO | 2wl Al B
200-0W1B-30 1 Q| Q1 Q1 Q Q Q| QIA A]lA{TA] A Q.
299-Wi831 1Q | Q| Q| Q Q IQ|QiIA|]A|AJA|A Q
209-WI9-12 1 Q1Q Q1 Q] Q |Q[QlAJATATA[A Q
I 299-W19-41 QiQi10Q1|Q Q QI QA AAIAA Q
299-W19-42 Q1Q1Q|Q Q QIQlAJA]JALA|A Q
New Well 1% QIQ{Q]|Q Q QIQlAJA]A|[A|A Q
NewWell2® 1 Q1 QIQ| Q| Q0 |[Q|Q|AlATA|A]A Q
NewWeli3 1 QiQ|[Q[Q] Q [Q{Q] A A|A|A]lA Q
NewWelld” 1 QIQ| QI Q| Q |Q|QlA[A[A[A]A Q
NewWell3 | Q| Q| Q[ Q! Q |Q|QlA|A|A|A]A Q
Note:  Sampling and analysis frequency is Q for quarterly (Febmary May, August, and
November) and A for annual (February).
_ (a) Metals include Al, Sb, Ba, Be, Cd, Ca, Cr, Co, Cu Fe, Mg, Mn, Ni, K, Ag, Na, 51, V, Zn.
b Volatile organic compound’s of specific interest are carbon tetrachloride and chioroform.
{c) Al listed analyses will be performed on first time samples from new wells. I

5.4 Groundwater Flow

Groundwater flow direction and rate must be determined regularly. These properties are determined
several ways, but the standard method for this WMA has been to measure water levels in surrounding
monitoring wells. Water levels will continue to be measured on a quarterly basis in all WMA U moni-
toring wells. These data will be converted to elevations and evaluated using trend surface analysis and
shown as a water table map. Groundwater flow veloc1ty, v, will be estimated using the Darcy equation.

Slug tests will be conducted at all new wells to determine hydraulic conducuwty Additional aguifer

testing such as vertical flow tracer tests may be conducted in the future if detected contamination
increases rapidly or to levels well above the drinking water standard.
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5.5 Data Evaluation -

Water level data will be used to calculate a least squares linear surface (plane) from which ground-
water flow direction and gradient are determined. Calculated water level gradients between upgradient
and downgradient wells will be used to calculate the groundwater flow rate. These data will be presented
as water table maps. e

Groundwater chemistry data will be collected in accordance with the schedule presented in Table 5.2.
These data will be evaluated using time series plots to identify any changes in trends and differences
between upgradient and downgradient locations. Trends will be evaluated in light of groundwater flow;
sarface events such as leaks, spills, and releases of water or wastes on the WMA; and any other actions
that could affect groundwater quality. The assessment strategy is to continue monitoring the WMA to
determine how the existing impact on groundwater quality changes over time. Currently, groundwater
cohtamination is at low concentrations and contaminant distribution maps are not warranted. Plume maps

- will be deveioped to depict the areal distribution of any additionally identified groundwater contamina-

tion. Constituent ratios may be used as done in I-Iodges and Chou (2000) to help evaluate sources of
detected contamination.

6.0 ‘Quality Assurance

Groundwater samples will be collected and analyzed in accordance with written contfactor proced-
ures, and data will be managed in accordance with written Pacific Northwest National Laboratory
procedures; all controlled by a quality assurance project plan (QAP§P). Tasks performed in this plan will

~ be conducted in accordance with QA plan ETD-012, Rev.2 (or latest revision). Specific i iteros in this

assessment plan controlled by the QA plan and their controlling procedures are

Groundwater Sampling controlled by Duratek subcontract for groundwater sample collecuon and
shxppmg to the lab and field measurements

Water Level Monitoring will be controlled by Duratek subcontract and PNL-MA-567

Analytical Analyses will be controlled by Severn Trent Laboratories, Inc., subcontract

Data Management will be controlled by PNL-MA-567.

Quality assurance and quality control are discussed in detail.for the entire PNNL Groundwater
Monitoring Project in Appendix B of the annual groundwater monitoring report (Hartman et al. 2001).

' Specific analytical procedures are presented in Hartman (2000).
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Appendix A

Preliminary Assessmeht_of the Hydrologic Impact of the
Shutdown of ZP-1 Extraction Well 299-W15-37 within
Waste Management Area U

F. A. Spane
Match 14, 2001
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Date - March 14, 2001 o F.N. Hodges
V.G. Johnson
To R.M. Smith ~ S.P. Luttrell
. . . : D.R. Newcomer
) From . F.A. Spane C File/LB
3 Subject @m Assessment of the Hydrologc Impact of
 the Shutdown of ZP-1 Extraction Well 299-W15-37
Within the WMA U

This la:cer report presents the results of a preliminary assessment of the hydrologxc impact
of the recent shutdﬂvm of pumping activities at a ZP-1 extraction well (299-W15-37) on
groundwater conditions within the Waste Management Ared (WMA) U, in the Hanford Site 200 -

- West Area. Theassessmem induded two analytical methods: trend-surface analysis of discrete:
well water-level elevation measurements for investigating changes in groundwater flow"
characteristics (.e., groundwater flow direction and hydraulic gradient) within the WMA U, and
dynamic well response analysis, which can be used to examine water-level trends after removal of
extraneous stress effects (e.g., barometric fluctuations). Most of discussion on analytical methods
used in this letter report are presented in Spane (1999) and Spane and Thorne (2000) and will not

_ be repeated here. These analytical methods were applied to representative well measurements

g available within the WMA U. Previous groundwater-flow characterization investigations for other

Hanford Site locations are reported in Spane (1999), for WMA 216-B-63; Spane (2000), for

WMA SST §-SX; and Spane (2000b), for LLWMA-1. Examples of dynamic well response ©

analysis, where the effects of barometric fluctuations are removed to reveal background aqulfer

water-level treﬂds are presented in Spane (1999) and Spane and Thorne (2000).

%
i

Groundwater flow characterization is important as it pertains to predicting and monitoring
groundwater contaminant migration within the Hanford Site. Accurate delineation of local
groundwater-flow direction and hydraulic gradient conditions within study areas of small size
and/ or having low gradient conditions, however, can be difficult. A method that facilitates
groundwater flow characterization in such areas js the use of trend-surface analysis of
representative monitoring well water-level measurements (sec Spane 1999).

Various factors can affect the accuracy of well water-level measurements and how they are
used to determine hydraulic head and to infer groundwater-flow conditions within an aquifer.
These factors include measurement error, well fluid-column density conditions, and external stress
effects. Measurement error includes the comulative effect of instrument and measuring point
elevation errors, borehole deviation, and random measurement factors, such as operator error.
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- Systematic components of measurement error can be evaluated quahtanvdy byassessmg the o

 relative influence of individial well water-level measurements on the calculated groundwater flow '
characteristics. Thlsmsdmmusmgsmsmwtymlms (e, “jack-knife” analysis), wherein each
well's measurement was removed individually from the selected well datz set, and then subjected
to trend-surface analysis, Results from this sensitivity analysis suggest that systematic
measurement errors were not sxgmﬁcant for studymg gmdeer flow characteristics in the

WMA U. | | ~
Well fluid-column density conditions relate to factors that affect the height of a fluid column
in a well above a known elevation datum. Factors that can affect fluid-column density include ' "
fluid temperature, salinity, pressure, dissolved gas content, multiphase conditions, and gravitational o
acceleration effects. Generally, these factors are only significant for deep or thick aqwfa's having :
long ﬂwd—colunm lengths, which was not the case for this investigation. o gg‘gt
N amrai external stresses that can mﬂumcewell water-level measurements inchude barometric
effects; tidal or river-stage fluctuations, and earth tides. Earlier papers have addressed these k.
effects on well water-level measurements within confined and unconfined aquifer systems (e.g,, gf&
Jacob 1940; Ferris 1963; Bredehoeft 1967; Weeks 1979; Hsieh et al. 1988; Erskine 1991). Only ' ‘
recently, however, has the importance of accounting for external stress factor effectsin : ”‘%
groundwater-flow characterization investigations of unconfined aquifer systems been recognized il
(see Rasmussen and Crawford 1997, and Spane 1999). However, since well water-level _ .
meamranaﬁsusedmﬂ}eWMAUaudywaegammﬂyobtmnedmhmapaiodofltthr no )
s1gmﬁmm impact of extemal stresses was a::m<:1pa£ed or accounted for pnor to trend—surface i
This le'xter' report focuses speclfm]ly on assessing any subtle changes in gromdwatet flow gzj;%

characteristics within the WMA U between November 3, 2000 and March 1, 2001, as well as
examining for observable hydrologic response associated with the shutdown of the southern most
extraction well (well 299-W15-37) of the 200-ZP-1 pump and treat system (which occurred on
January 17, 2001). Any impact of the shutdown of extraction well 209-W15-37 is anticipated to be
small, due to the relatively low pumping rates at the extraction well (~60 L/ min), and the distance
to the RCRA WMA U monitoring wells (distance = 165 — 305 m) analyzed in this preliminary
study. In a previous study by Spane and Thorne (2000) predicted responses for the northeastern

part of the ZP-1 pump and treat system potentially exceeding a radial distance of 500 mfor B
prolonged extraction periods. These predictions, however, were based on the combined pumping éj
ratesofthethreeettractlmv&dlsmt}nsarea,whxchforthepreicﬁonsmedacompo&tepmx;nng : :

rate of 379 L/min. This is over six times the extraction rate recorded at well 299-W15-37 prior to w3
shutdown on January 17, 2001. For these reasons, the anticipated hydrologic impact of .

terminating pumping at extraction well 299-W15-37 would be proportionately smaller.

. g
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Data Discussion

. To evaluate any potential hydrologic impact at WMA U caused by terminating pumping at
extraction well 209-W15-37, other factors affecting the groundwater-flow conditions in the area -
should also be known. Of note are the significant changes in the water table in the 200-West
Area, due to past and present wastewater disposal activities in the area. Of particular importance

3 - to the study area were wastewater disposals to U Pond complex (focated approximately 1000 m

f southwest of the WMA 11, which received approximately 60% of the total wastewater released in
the 200-West Area (Newcomer 1990). These wastewater disposal activities caused discernable
changes in the prevailing groundwater flow pattern and formation of a arge groundwater mound
with elevated water-table conditions approxzmately 20 m over pre-disposal condmons (Hartman
and Dresel 1998). ‘

St

With the decomrmssioningof U Pond in 1984, a significant decrease in wastewater disposal
and associated decline in water-table elevation were exhibited across the 200-West Area. For -
example, Hartman and Dresel (1998) report a 6 m decline between 1984 and 1997. The declinein
the water table and changes in groundwater flow characteristics are expected to continue with
future decreases in wastewater releases to 200-West Area disposal facilities. --

-

To evaluate exxstzng and temporal groxmdvsma ﬂcw characteristics within the WMA U area
 prior to and immediately following the termination of pumping at extraction well 299-W15-37,
well water-level measurements were evaluated from RCRA monitoring wells within the WMA.
Figure 1 shows the locations of monitoring wells having data for groundwater-flow
characterization. Table 1 lists pertinent information concerning well completion, current
monitoring conditions for the RCRA wells, and distance to ZP-1 extraction well 299-W15-37.

GlmnﬂwaterFlowChaxactenzm '

In previous deta:led gromdvsétervﬂow characterization studies at selected Hanford Site WMA
locations reported in Spane (1999) and Spane (2000a, 2000b), water-level measurements wete used
in the trend-surface analys1s for wells that met the following criteria:

are along the same hydrologtc flow plane (i.e., planar potential surface)
are measured close in time (e.g,, 1 to 4 h for low-gradient areas)
monitor similar depth intervals within the respective hydrogeologic unit

 display similar dynamic well-response charactenstacs (e.g., to barometric
~ fluctuations) _

e arenot significantly a'_ffected by well-skin effects.

ot Bl
e o o o

This site was identified in Hartman et al.(2000) as being an intermediate-hydraulic gradient area |
(~ 0.002), and having a predominarit, easterly, groundwater-flow direction. The criteria for wells
being on the same hydrologic flow plane would appear to be met.

g

LI
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As noted previously, well measurements used in the trend-surface analysis were obtained close
in time (e.g. 1 to 2 h) for all dates analyzed, and all wells monitor the upper-section of the
- unconfined aquifer within the WMA U, The overall similar well water-level patterns displayed in
Figure 2 suggests that the wells exhibit similar dynamic well-response characteristics and that well-
skin effects are not likely to impose significant impacts on water-level measurements between

wells. A comparison of a detailed barometric response analysis for monitor wells 299-W18-31 and

-W19-42 (described later in the letter report) also exhibited nearly identical barometric behavior,
with demonstrated nme-lag effects up to 50 h for these sites.

Because of the similar dynarmc well-response charactmstzcs mtmnedml:e hydmuhc gradient
conditions (.., ~0.002), and doseness of well measurements in time, no significant impact of
barometric effects was anticipated for measurements used in the trend-surface analysis, Therefore,
no accounting of barometric effects was utilized for well water-level measurements for this phase

of the study.
Trend-Surface Analysis Results

Available RCRA WMA U monitoring well data were quantitatively evaluated for groundwater-
flow characterization using the screening criteria listed previously., Figure 2 shows the similarity in
dynamic well-response characteristics exhibited for the six monitoring wells over the time period
selected for detailed groundwater-flow characterization. The overall declining water-level
elevation trend pattern is consistent with the general decrease in total wastewater disposal within
the 200-West Area during the mid-1980's as previously discussed.

To facilitate quantitative determination of groundwater-flow direction and hydrautic gradient
conditions, the commercially available WATER-VEL (In-Situ, Inc. 1991) software program was
utilized. Water-level elevation and calculated total head values were used with the WATER-VEL -
program to calculate groundwater-flow direction and hydraulic gradient conditions over the
‘measurement perfod. The program utilizes a linear, two-dimensional trend surface (least squares)
to randomly located hydrologic head or water-level elevation input data, This technique is
accurate as long as the two-dimensional linear approximation is applicable (i.e., no significant
vertical groundwater-flow gradients exist within the aquifer). This method is similar also to the
 linear approximation technique described by Abriola and Pinder (1982) and K elly and Bogardi
(1989). A report that demonstrates the use of the WATER-VEL program for calculation of
- groundwater-flow velocity and direction is presented in Gilmore et al. (1952) and Spane (1999).

To quantitatively assess the groundwater-flow characteristics within the WMA U over the
November 3, 2000 to March 1, 2001 time period, observed well water-level dlevation
measurements (not adjusted for barometric effects) were analyzed. Table 2 lists the results of
quantitative trend-surface analysis for nine selected measurement periods for the six existing -
RCRA monitoring wells during the period of i mvsnganon. As shown, a consistent easterly flow
direction (ranging between 6° and 12°; average = 10°.' Note: 0 degrees = East; 90 degrees =
North) and hydraulic gradient (ranging between 0.00199 and 0.00215; average = 0.00208) are
indicated for all nine measurements. No appreciable change in groundwater flow characteristics
(i.e., flow direction or gradient) are evident within the WMA U, due to the shutdown of extraction
well 200-W15-37, based on the trend-surface analysis results for all RCRA wells within this arez.

E54-1900-001 (8/98) A4
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To examine for the presence of any apparent groundwater flow pattern differences across the
WMA facility, an evaluation for the northern WMA U area was aiso initiated: Four RCRA -
monitaring wells in this immediate area (wells 209-W18-30, 299-W18-31, 299-W19-12, and 299-
W19-42) were selected for this areal analysis. Table 3 lists the results of the trend-surface analysis
for the same measurement periods. As shown, nearly identical temporal groundwater flow
characteristics were exhibited for the northern U area as were exhibited for the entire WMA U
(Table 2). Results from the trend-surface analysis for the four northern monitor wells provide a
consistent eastetly flow direction (ranging between 4° and 11°; average = 9°) and hydraulic
gradient (ranging between 0.00208 and 0.00231; average = 0.00219) for all nine measurements.

To examine for any passible groundwater flow pattern differences within the southern half of

~ the WMA facility; four RCRA monitoring wells in this immediate area (wells 209-W18-25,

200-W18-31, 299-W19-12, and 299-W19-41) were selected. Note: wells 209-W18-31 and 209-
W19-12 are shared wells for the north and south WMA U analysis areas. Table 4 lists the results
of the trend-surface analysis for the same measurement periods. As shown, nearly identical
temporal groundwater flow characteristics were exhibited for the southern U area as were
exhibited for the entire (Table 2) and northern WMA U (Table 3), respectively. Results from the
trend-surface analysis for the four southern monitor wells provide a consistent easterly flow
direction (ranging between 4° and 14°; average= 8°) and hydraulic gradient (ranging between
0.00199 and 0.00215; average = 0.00207) for all nine measurements. It should be noted that a
small (~5%) changemﬂowdﬁectlm f{n‘dlesmlthimmitorwdls is evident for the last four
measurement periods. It is not readily apparent, however, whether this slight change in flow
direction can be directly attributable to the termination of pumping activities from extraction well
299-%15-37; particularly since no similar pattern was exhibited for the northern wells, which one
would e;pect to be more affected by well 299-W15-37 effects. ‘

In summary, no sxgmﬁmnt mq:act on groundwater flow characteristics (Le., flow direction and
hydraulic gradient) within the WMA U were discernable over the relatively short, six-week period
following termination of pumping activities at nearby extraction well 209-W15-37. While trend-
surface anatysis methods are very useful in detecting changes in flow direction or hydraulic '

- gradient over time, they are rather insensitive for direct detection of hydrologic response or

influence at individual monitor well locations. Detection of possible hydrologic effects from well
299-W15-37 within the WMA. U, requires quantitative analysis (i.e., dynamic well response
analysis) of dlosely-spaced (in time) well water-level measurements. This quantitative analysis
procedure is described in the followmg section.

Hwdrologic Response

As noted previously, the potential hydrologic impact of terminating pumping activities at
extraction well 209-W15-37 is anticipated to be extrernely small. For example, if the areal
hydrologic properties determined by Spane and Thorne (2000) for the northeast section of the
ZP-1 are representative of conditions within the WMA U, then termination of pumping at
extraction well 209-W15-37 is anticipated to produce only a recovery response of ~ 0.1 m after 30
days in the northern half of WMA . This response magnitude is difficult to discern visually from

E54-1000-001 (8/58) - AS
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well waxer—levd records given the presence of daily barometric fluctuations and the long-term
Water-tableuaad(dechne)matmoccumngmdxmt}nsarm Methods have recently been '
developed, however, that facilitate removal of masking barometric pressure fluctuations; enabhng
recognition of potential hydrologic responses associated with pumping activities. L

To assess whether the shutdown of extraction well 299-W15-37 had a hydroiogic impact _
within the WMA U, two RCRA monitor wells (209-W18-31 and 209-W19-42) were sdlected for ' e
high-frequency well water-level response data collection. The monitor wells are located on the :
west and east side of the WMA, respectively (see Figure 1), and are between 173 and 220 m from :
extraction well 209-W15-37 (see Table 1). Well water-level data were measured every 10 min with , 7
pressure transducers suspended a short distance below the water-level surface. Data were stored s
in surface data loggers and retrieved on a weekly or bi-weekly basis. Well water-level
measurements were also collected manually on those days that data were retrieved from the data

loggers.

Figure 3 shows the baseline response of water-levels with monitor wells 209-W18-31 and 299- S

W19-42 for a ~28-d period prior to and following shutdown of extraction well 209-W15-37 on R
Jarmary 17, 2001 (calendar day 383). As shown, the well water-level responses are nearly identical :
and display a typical inverse relationship to barometric pressure fluctuations. To ascertain any S
background hydrologic response within the aquifer, the effects of barometric pressure on the well e
water-level measurements were removed using the multiple-regression deconvalution technique, -
which is discussed in detail mRasmussenandCrawford(l%zmdSpane(l%)

_ The removal process requires that the well barometric response characteristics be determined
first using multiple-regression convolution techniques. Monitor well water-levels and barometric
pressures were analyzed for the ~28-d period immediately prior to shutdown of well 299-W15-37.
Linear trends in the pre-shutdown water-level and barometric pressure were determined using
linear regression analysis and removed from the data. Use of detrended data allows for amore -
quantitative analysis of barometric response characteristics; and facilitates detection of background
trends within the water-level record when barometric effects are removed.  Figure 4 presents the
barometric response function characteristics for both monitor wells, showing persistent
barometric time-lag effects up to 50-hr at both sites. As indicated, the barometric response
characteristics are nearly identical and are typical of an unconfined aquifer pattern with minor
wedlbore storage/ skin effects, as discussed in Spane (1999).

Figure 5 shows the predicted (based on the observed barometric pressure record) and the
barometric-corrected well water-level response for monitor well 299-W18-31. The deviation
between the observed and predicted response for the 7 - 10 d period prior to well 299-W15-37
shutdown is indicative of the presence of a background water-level trend (decline) within the
aquifer. Additionally, the later match between the observed and predicted response is indicative of
a reversal in the background water-level trend during the post-shutdown period. This is more

“clearly shown in the barometric-corrected response, where the obscuring effects of barometric o
pressure fluctuation have been removed. As shown, a declining water-level trend of -0.0027 mv/d ""’%
is indicated for the ~28-d pre-shutdown period, while a +0.0015 m/ d was calculated for the ~28-d =
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post-shutdown period using linear-regression of the corrected water-level response. Interestingly,
; mepro]eaedrecoveryresponse(+00042ﬂ1/d)aftet'1monthamomatsto-01m,wlnch1s
consistent to what was prewouslyprechctedmthmthenmhﬂnm U forﬂmam*amonwdl
shutdown.

it

Figure 6 shows the predicted and the barometric-corrected well water-level response for

1 monitor well 209-W19-42, As shown, a similar overall pattern and identical pre-shutdown trend
b with monitor well 209-W18-31 are indicated. A higher post-shutdown trend (+0.0029 m/d),
however, was calculated for well 209-W19-42. It should be noted, that the pressure transcucer

: systemvmsranovedtmmzﬂyfromﬂmwdl@mgthefnstved&foﬂomngtheeﬂradmwdl
. shutdown to support scheduled water-sampling activities at this site. It is not known, whether
this apparent change in post-shutdown trend for this well site is real or an artifact of changc“sto
the pressure transducer measuring system. :

In summary, d)mnicwdlresponse analysis reveals the presence of a reversal in aquifer water-
level trends within the WMA U for the ~28-d period immediately prior to and following shutdown
of pumping activities at ZP-1 extraction well 209-W15-37. While the magnitudes in calculated
water-level trends are small, the timing of the trend reversal suggests that the termination of
pumping at extraction well 299-W15-37 is the causative factor. It is likely that the impact of the
shutdown is temporary, and with time the influence of the more dominant area-wide decline in
aquifer water levels occurring within the 200-West Area (e.g, due to D—Pond decmmnmonmg)
will be reestablished thhm the WMA U.

i _—
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Figure 1. Location Map of Wells Monitoring the WMA U, 200-West Area.
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Figure 2. Comparison of Well Water-Level Elevation Response for RCRA Wells Monitoring
the WMA U
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Figure 3. Baseline Monitor Well Water-Levels (Wells 299-W18-31 and —W19-42) and
Barometric Pressure Response for the ~28-d Petiod Prior to and Following
Shutdown of ZP-1 Extraction Well 299-V/15-37.
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Figure 4 Barometric Response Analysis for Monitor Wells 209-W18-31 and 299-W19-42
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Figure 5. Multiple-Regression Match and Barometric Corrected Water Levels for Monitor
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Figure 6. Multiple-Regression Match and Barometric Corrected Water Levels for Monitor
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Tablel Pertinent Well Completion Information for RCRA Wells Monitoring the WMA U Facilities

4.

et
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Water-Column Distance to ZP-1
. Water- Length Extraction Well
Completion | Well Screen | pevel | Above Well Screen | 299-W15-37,
Date Length - Depth, Bottom, m
Well M/Yr m, bgs. - m,bgs - m
00-W1s2y  12/90 | 58.98- 65.24 023 2701
6547 ©/00) ©/ 00y
boo-wig-30  11/91 6020- | 6748 3.93 163.7
' 7141 ©/00) ©/00) |
poo-Wig31  12/91 57.00 - 64.15 361 1732
67.76 ©/00) ©/00)
Poo-w19-12  1/83 64.01 - 6811 8.09 2614
| 7620 ©/00) ©/00)
Po9-w19-41  9/98 67.07 - 67.99 9.78 303.1
7777 ©/00) ©/00)
PO9-W19-42  9/98 67.14 - 67.96 9.88 2197
7784 ©/00) /00
A.16
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Table 2 Groundwater-Flow Characterization Restilts Based on Trend-Surface Analysis: All

RCRA U WMA Monitor Wells
_ Groundwater-Flow Hydra\ﬂlc Gradient,
# Measurement Date Direction® | m/m
| 11/3/00 12.0° 0.00199
11/30/00 | 9.9° | 0.00208
12/28/00 107° 0.00205
1/11/01 11.9° 0.00207
1/25/01 10.7° | 000215
| 2/1/01 8° 0.00210
§ 2/8/01 - 6.3° ' 0.00202
| g | 2/22/01  gge | 0.00209
g -3/1/01 114° 0.00213
- ' (a) 0 degrees East 90 degrees North.. -
% ' . RCRA monitor wells used in analysis: 299-W18-25, -W18-30, -
) W18-31,
“W19-12, -W19-41, and ~W19-42
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E54-1500-001 (8/98)

| Groundwater-Flow Characterization Results Based on Trend-Surface Analysis:
North RCRA U WMA Monitor Wells

Hydraulic Gradient,

Groundwater-Flow
Measurement Date Direction® m/m
11/3/00 10.8° 0.00208
11/30/00 6.l6° 0.00210
12/28/00 9.2° 0.00213
V11701 10.5° 0.00217'
1/25/01 '9_6° 0.00227
2/1/01 7.8° 0.00224
2/8/01 420 0.00214
2/22/01 05° 0.00223
3/1/01 11.3° 1000231
Average > e 00021
R (+0.00008)

@) OdegreesEast 90deg,rea North.

RCRA monitor wells used in analysxs 299 W18-30, -W18-31,

-W19-12, and —W19-42
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Table 4 Groundwater-Flow Characterization Results Based on Trend-Surface Analysis: South
RCRA U WMA Monitor Wells .

_ Groundwater-Flow | Hydraulic Gradient,
Measurement Date Direction®™ m/m
11/3/00 10.0° 0.00199
11/30/00 13.6° 0.00213
12/28/00 9.7° 0.00205
1/11/01 10.1° 0.00207
1/25/01 g.2° 0.00215
2/1/01 5,50 | 0.00209
2/8/01 45° 0.00201
2/22/01 5.4° 0.00207
3/1/01 47° 0.00209
Average 8.0° 0.00207
(£3.19 (4 0.00005)
(@) 0 degrees East; 90 degrees North.
RCRA monitor wells used in analysis: 299-W18-25, -W18-31,
W19-12, and -W19-41

E54-1900-001 (8/98) AlS
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g : . .WELL CONSTRUCTION AND COMPLETION SUMMARY

frilling . C Sample Drive barrsl WLLL . TEMPORARY
vodi:  Cable fotl HMethod: -Hard 3 - NUMBIR: ZR$-WI8-30 - weLLmNO: -

200 ¥ ®Water . . Additives . Hanford i .o i :
Supply ) Usad:  Not docunsnted Coordinates: N/S5 W 38,462.8 E/W W 7E,541.4

riiler's | . . WA State State NARDE3 N COLES,193.95m B HeE, 871 .0,

) Name: D. Kruger : Liz Mr: Nor dogumented Coordinates: N T443,401 E _2,21%,880

Crilling B o ) Company - . : Start T

Company: Kalser Engineers Igcavion: _Hanfeord Cayd #:_ Net gocumented T . 23 S

Dats : . Date ‘Blevation

gtarted: 11%ep®l . CComplate:r l4NowEl Sround surface {(fri: 669.44 (Brags cap)

: Depth o water: 2Di.#=2f ‘Hov9l
N 4 tGround surfaceiili.i-tt Z&Mar3a

i-fL]

ference point: [4
GENERAZTZED Geclog ‘o
STRATIGRATHY Log

ence point abovel 3.40-ft ]

- - - 4 aguidistant protectlve pogts
GRAVEL, tr. SAND " Qement. grout 1.B-18.0-f¢ .
51 zandy GRAYEL
Bandy GREVEL
&l sandy GRRYEL
21 gravelly SAND
Gravelly SAND ’
SPAND w/trace GRAVIZ
£5-70: 81 silty SBKD
TO-TE: SAND, w/traee 3ILT
T5-79.4: SEND .
78,480 Fillty SAND
B0.3-8%.2: BRRD, W/trace SILT
79.2=-100; Silty SAND
100-116: &1 s3ilty 8AND .

E Si=slightly _ S
;é - Depth ©f surfacs ssal L 518 0~F11
' GRAVEL S -
GRAVEL . . Uype of surface sealiPre mix concrete
81 gardy GRAVEL dxd-ft x E—in suriace psad
§ GRAVEL

iger pipe: { 4=-in ]

]

; DI TAL
T, 1i~in nominal

132.4~235.5+ft, S~in nominal

;

‘110-113.4: BAND
11%.£-120.9%-8llcy SAND

120.7-123, F: SAKD |
123.7~128.65 BILT, w/trace BAND
129.€-131: CRLICHE

131-14%: Sandy GRAVEL i
{G-15%0: 81 silty sandy GRAVEL

Depth top of sesl:
Type of seal:

i4 Sentonite pe:lets

156-176: 8ilty sandy SRAVEL )

370 178: Sandy SRAVEL Deépth top of sand pack: [ 1833 fr)
175-208r S1 sandy BRAVEL I0-20-mass sllica sand — ““
Z9B-210: 81 pilty =sandy GRAVEL
| 210-228: Sandy GRAVEL ;

25~230: 8! sandy GRAVEL .

230-233.3: Hapdy ERARVEL - Depth top of scraen: [
Z33.53-235.%1 8ilty sandy GREVEL 4-in, $206-slot, contincus wrap .

’ T304 stalmless Eresl With
filter pack

Deptﬁ pottem of screen: ] 234.3-1%]

Fill, 733.7=235.5-fz
Depth to bottem of borehole: { 235.3-ft)

5
it

il
it

o e

Drawing By:_REL/2WisS-30.ASH Date: 1BApr&3
Refarence:

E : B.1
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. i
WELL CONSTRUCTION AND COMPLETION SUMMARY '

i _ . . 7

Drilling Samplé -1 WAL TEMPORARY i ;

Method: Cable tool Méthod: Drive barrvel | NUMBER: 285-%18-31 WELL NO:_ . e

Briliing 200 W Water Additives - Hanford _ ' T

Tluid Used: Supply sed:  Net documented cCosrdinstesr N8 W 3B,108.3° B/W W 7E,032.1

Deillerts ] W3 State Btate NADED N 135,07V5.47m ¥ . 56g,72Z1.%3n el

Hame: Jaxer . Lic Nr: Not douunenggq_ Coordinztes: K £43,212 £ 2,219,195

Driiilng ) . Corgpany Start -

Company: Xajser Engireers Location: Hanford : Card #:_ Mot documentad T B 3 ) -

Date . Date - Elevation

Started: 85epPi . Cowplets: 1lCecdl . Ground surisce Tfti: 650.73 'Brass cap) o

! . #

Depth to water: 161.2-f1 Decd) , ‘ _ ' o
{Ground surface) 155.4-71 JEMar3 Eﬁ=======?3“'""“““[ Elevation. of reference point: [664.16-ft] ol

g {zop of casing!
Height of reference poinlt abovel 3.43-0t

grouns surfaos

SENERALTIZEY Goologist's
STRATISRAPHY Log
Sl=slightly

: Trepth of surface szal o {2.6-18.8-£8]

O~5: Hravally silty SRND

5 1&:582 mlltv BAND

10-20: Sravelly silty SAND

20~2E: Silty_sandy GEAVEL.

25-30: 81 silty SAND

30-35: #iltv SAND

3B~45: 81 siltyv BAND.

£8-50: SAND -

85G35t Bilty SANC

55=501, 81 -gilty gravelly SAND

60-85: SAKD

SE-70: 81 gilty SAND

7O-15r 8ilty SAND

TE-R: SAND

B0-325: Bilty SAND

BR-95: 1l silty &AND

95~110: Silty EAND

1i0-218: Hi.gilty BAND

l'a—fié. CL&Y, calcareous '

L18-130 1 Silgy SHNE w/CLAY stringsrs
J : CARLICH :

. BIity uRFVEL

132-240% Bilty gravelly SAND

1406-158: 31ty sandy GRAVEL

IE5-150: GRAVEL

160-280: Sandy SRAVEL

180 200: 3ilty sandy GRAVIL

200~21C: GRAVEL

210-220: 8ilty sandy GRAVEL

220~227.8: Bandy CRAVEL

Tyfe of surface real:Prg mix concrete
4z4-ft ® 5-in surface pad

4 sguldistant protecTtive posts

Cament grout Z.0-1B.0-ft

CI.De of riser pipe: t 4<in 1
Type ol riser plue:
Stainiess sgtee}l

Dizmeter of beorshole,
0-12.0~1%, 1k-in nominal

1% 0- l“". -, Lli-in nomimal .
127.4-227.6-ft, %-in fominal §§§

Sype of filler, 0-179.8-52
£=20-meek bentonite grumbles

Depth top cof
Tvpe of seal:
3/8-in bentonite pallets

seal: [ 1728.8-Ft}]

Depth tep cf sand pack: [ 181l.E~ft}
2G 40 mesh gillics sand

Depth tap of screen: [ 187.3-T%)
d=in, F1C-sloi, contizous wrap

7204 stainless smtoel wWiLh

filter pack

Daepth bettom of screen: [ 222.3~ft]

Fill, 226.G-227.6-ft
¥ i Depth to beottom of borshole: .

e

Drawlng By: REL/2W18-31.3SB | Date: 13Apre3

R=ference:

B4 B
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_Cahiﬂ?no% bmﬂ_&é _ng

- 0503693 1 ft:i“f:::‘i@
; 11%2&9 T T
Ne "'R)IS .34' =;Temp.weﬂﬂo. ' 0

1 Casing Blev. Ground Elev, G e

25 g_;i se?z.é-»a

mj.q

B2y
.@JL R NeLI

WHE ~S~o 1 g2 52,

aamy L .'Air' ﬂf:A raua_ufA __ja

:' onmgﬁw %_q

u L _Iﬂnm, . Date

L e J—n-q-n—

1 Oritied Depth _ 227,57 s Type L - |
ﬁwmmm Ne *"X# - -
R N IV )

S PSR .

Q_Am — 0:4-’2?-3 fﬂ Com 33

Date Szarted aSo-éw '

Comalwmm 2

Oute Completes_ 121: [ G

Static Water Levliate, &M’f L

"§ tengthof Test _ I’aﬁ%
vMemm'M-* .

Al

w:_u_afm_yﬂgmm& et | '.‘";

Cemoiem Results

: wthod "t ; BE Dog
Criteria™ mf'g--s;‘-oq'. 42z T4 7.7 wAC.Lm-7-%
imesials ", Dare
2-24®
f?-;.-zz-@_
.44l

s —

am;rocm ,,m

_?mmqmumu
ﬁ&u

: MMSWWMM .
Venficavion Rtethod _ %g &ggg_a;n ﬁ
Cmeru BIe - St 4-22. 7.2

T

| M. sanchingscorage _@ \2. el
Matenai Packing . K’D? \34'}3! g1

LubncantyAdditives

zgls!

10 sl

Y i Y8 E_Jﬁs' S :‘:ﬁ?‘ “"e?f#ej

vmmumm '
Certeria wﬁc-s»ouﬁ 72

e LR 4 ..a’:
etk Date -

. Straghtoess Test B
w-ﬁummm mwu.. osssm-md _"'
Covera _IHE- s-ou.; gzl TR

T
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I o WELL CONSTRUCTION AND COMPLETION SUMMARY

i

Drillinmg . . Samplie 1 HELL TEMPORBRY
Method: Cable tool Mothod: Hard tool {nom) | NUMBER: 2%5-H13-12 WELL NO:
Drilling Additives Hanford ]
Fluid Ussd: Sater Used: Not documz;m.ec Coordinates: N/E N 52 7 5
Briller's | T ¥R Ethla Btate NADEZ H a3 5%
Name: Garclz/Buliens Liz MNezll43/ND Coordinates: N 443,160 g 2,218,771
Drilliing Company Stars
Compary:__ Not dccumented Losaticn:Not ao»nm;;tee Card #:Not dscurﬂented T R B
Date Date Elevarion :
gtartad: OlDecEZ Comploie: 24Jan83 Ground surface {ft}:. 871.47 Brass cap
Depth to walers. 192 It Jans3 . .
3 tGround surface}20é.1-7T 28Mar?3 " Zlevation of reference pointy [§73.25-%t]
‘top of cas:i.ngE
CENERALIZED Brillerts. Height =f -efersnce point above] 1.781t ]

s'F?“'“’J_GP.;xE‘BV Loy creund surfacs

Depth of surfaoe ssal T 5-20~-FL 1

0—ds SAND & BILT .
4 1%: COBBLES, PLB3LES & SARD Type of surface se«al:
F-20: BAND, GRAVEL § COBSLES Grout around 8-in casing. {126 gals)
20-251 GRRVEL, SAND-§ ST ' : 10=in
25-35: GRAVEL,  SEHD, SILT & TDAY I.D. of s:-face casing : [ Pullec |}
25-40: GRAVEL, SAND & SILT [If present)
40-45: TORBLES, uMi.“EL SAMD, 8TLT & .
CLAY 2 in perforated O=-1533-ft
% 45-50: COSBLES, GRAEVEL, SAND & #I1T Z cuts/rd/ft
i 50~75: GRAVEL, SAND & SILT -
: 75-25: SEND, SILT & CLAY .
4 £5-95: SAND & SILT I.D0. of riser pipe: [_8-ir. ]
95+105: BaND, SI1LT & CLhY Type of rliser pipe:
105-120: BANP & SILT Carben stesl
120-140: . BARD, SILT § CLRY
T40-185: SAND, SILT, CTLAY & GRAVEL Diameter of berehole: ’ [ 3-ir. nonj
g 'RAVEL, COBBLE, SAND & SILT
ig0-365: RINGOLD Type <L "il:.-_.r'
168-1E8: RINGODLD & CTOBEBLE/ROCK Capent grodt, 2786-gals
186-200: RINSOLDE & SAND
i Z0P-202: ZAHD & ROCK Blavation/depth top of sezl i ND 1
: 202-237: RINSOLD & SAND Type of seal:None documentzd .
H 237-239: EAND
23%-250: RINGOLD & BAND Bottom F-in casing- { 150-71 ]
§
] Bottom 6-In casing L 230-ft ]
o & in teic coping screen
] ] 215-256-Tt, 26-siot
I ' M190-Ra0-Et by V)
g 1 Fill to ~240-E£t, lEAprSl
§ ¢ Depth bottom of borshole: § 230-fr )

e

_

Drawirg By: REL/2H1$-12.RSR Date: 1BRApr33

Refersnces:

o
i

B.7



0502374

WELL CONSTRUCTION AND COMPLETION SUMMARY -

Drifing Sarnple WELL TEMPORARY
Method: Air Rotary - TUBEX ~ Method:  GrabiSplit Spoon ) NUMBER:  295-9M841  B8551 WELL NO:  Not Alowsd
Fluki Uisad: Reverse Alr Liaed: None Coordinates: N Not
Driller's . W, State "
Name: WilleFrankiin ~ LicNr Not Avatiabls Ceordinates: & Not Socumentsd
Company:  Layne Christensen  Location:  Sait Lake City, Ut Card #; Not Avaitabio
Date Date Elevaiion
Started: 78ap98 Complated, 235ep$s Ground Swiacs:  Brass Marker
Depth 1o Water: 220351 23Sep98 Eilevation of Reference Point; m
{Ground surface) .
Height of Referance Point Above
ENERALIZED. - Geologists Log & - 1 Ground Surtace: =
STRATIGRAPHY Goophysical Logs : Depth of Surface Seal: 10.51
Type of Surface Seal; 4x4 Contrata Pad
Filt Casing " Screen
. g!o::tﬁﬁ:gym orevel 0-105ft: + 0-22005%: - )
14w R Sand sandy 9.125-inch hale | 4 jnch

Roport Formy WELLS  Projact File: WELLS.GPJ

54 - 51t : Sand

22«35 1 : Sandy gravsl

39 - 43 #t : Gravaly sand
43 - 47 1. Samly gravet
47 - 54 11 : Gravsly sand

@184t : Sand (Fr)
B4 - 88 1t ; Sand (Coe)
B85.-91 #: Sand {Fu)
91- 127 ft: Sand

127 ~136 # : Silty sand
136 - 144 1 ; Sandy it - soicarecus
44 - 168 fi ; Sty sandy grave!

16% - 188 fi : Sandy gravel

188249 fi : Sitty sandy gravel
(Waber Level = 220,35

BRI N N

| B DU JO0 N U UL N LN RN VS BN N S N N N NN NN NN N NS N )

y 7 A
. . R
PO DO N NN NN T NN NN NN NN NN NN NOC N N W NN NN NN ) ﬁ\

B R E R e

R

249 . 253 #f : Sitty sandy gravel - Fe staining
253 - 264.5 f : Sily sandy grave!

264.5 it - Borehole drified depth

0-264.5 ft : 9,125.in, 8-5/8" CS Temp.
Csg. set with TUBEX reverse air rotary

Drawing By:  TGB
Reference: Hanfo
Revision: 0

Revision Date: 25SopS8

PrintDate:  28Decs8

rd Wells

Cement Seal 4" Sch.5 §S Csg.

'
L
|

10.5-210.4 % ;
9.125.inch hole
Berntonite Chips

‘:220.05 ~-255.44 1t

210.4-256.47 4 L 4imch
9.125-inch hole 14" Wire Wrap 8
20/40 Siica Sand | Screen 910 Siot

25547 - 264.5 1 . 25514 - 25547&
9.125-inch hole
20740 Sifica Sand 4ineh

4" §S End Cap

B.8

J

s

e
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05062441
Page 1 of2
Date: ?«.2_.3-%‘

[ P—

WELL SUMMARY SHEET _
walllD: © BS5S] | jWeliName:  29g- i/ ]§-Y/
%j LW; 200W 1 iderseet of Camden Ave o 16+ sp IProject  RCRA -D?"l'gfl""ﬁ 199% .

” provaredBy: /. D Wa(ker . |Dae 9395 |ReviewedBy ro gy [pate 29as/ed

sgratwe: B0 L [, | L jsemtee e 4

|

1 CONSTRUCTION DATA % £0L OGIC/HYDROLOGIC DATA
~ ' Description Diagram fee! Grfggtﬂc _~ Lithoiogic Desciption
1 ' S O —fmmem 0T dghalt
& . _ L E% oo s o) 14/ 2 Silfy Sandy GRAVEL
Portland Cement: 0'-jo.5" |1 K S 3 _ e
|~

By s Doy o

L

; id'=227: SAND

i
|

75 -i’_-'l_"' 397 Sﬁnq{v GRAVEL

Bl
\ \_\'—R""T‘
AR

o 3‘?{— g3’ ; G-rayc{fy -SAND
f{3[- ttv.": Sandy GRAVEL
M a7-5¢": Grayelly SAND

e —— e
h

iy

<
i
3

|

*
W\

1 o Bentonile Chips’

0.5 = 210.4”

\‘
ey

L Y Ay L

A Fu®)" SAND
B _ .
5 LA
i
Z1HH
_ . L;__ :‘;’I I . 397-38" . SAND (cse)
Y5 o (‘-f_"._tb} fyps ZoY I‘;: f”i _ 3 ge’-ap’ SAND )
starnfess -~ stcef wa_g : 447 :')i Joo0 = . ‘
t1e’ - 220.08 " : L;? 3',33 : 4 91-127'. SAND
‘ ' Al —
‘; . 4 ¥ 2:’ S o
i AT |
Bl _
s | 127136 Silhy SAND
i : .
) 136~ 14y Senly SILT

"'Cnfcaﬂaas

#

BHI-EE-189 {12/97)

B.9

[ xg
‘

fa@g

1;:}9&5




. . ~ 0 ) StartDate; 4. i7-98
WELL GONSTRUCTION SUMMARY BESG#0 0 o 72
o ' ' Page _t_of _/_
Specification No.: o712 77~ JRev. Mo 1 Well Name: 790 L/ ja. ¢/ [Fadb. WeliNo: K25 5/
ECNs: 17 . Appraximate Lecation” juiercoof of Comdba dve ¢ (6 Fo
Proisct RCRA _Driliyg (298 Other Companies: € 4/241 41,/ ‘ t2o0wW
Driling Company:  fayne o Cheirl ensen Geologistis):  £. 2, dxlher \ ' '
prier. L) Fraakfin '
TEMPORARY CASING AND DRILL DEPTH DRILLING METHOD/HOLE DIAMETER
*Size/GradelLbs. Per Ft. Interval Shoe O.D.N.0.. |Auger ) DiameterFrom ____ to _ "~}
825" oD c¢ (FT) O -24.51 3% /8" |CableToo: | Diameter From __ 1o ,
. - - |arretay: O Fey “f}{( Dismeter Frors __ & 7 to 2645}
AR wiSonic: i Diameter From _ o :
Diameter From W _ 4
. DiameterFrom . w ___ @
*Indicate Weided {W) - Flush Joint (FJ} Coupied (C} & Thread Design Diameter From to
— 7 . ' vet.s7)
Note On a_:gier J : 4 A
Ty _keep Dowe sedd:

e E2398

. af :
Orilling Fluit: 4 /& S

Total Dritied Depth: 264, 5

jHole Dia @ TD: L~ 9 Yo"

Totat Amt. Of Water Added During Drilling:  ~ 301 9o/, *

Weil Straightness Test Results:

Static Water Level. 170, 35 ° |Date: §-23-ap

. GEOPHYSICAL LOGGING
Sondes (fype} Intervat Date Sondes {type) intervai Date
COMPLETED WELL
. S - Siot Interval Mesh
Size/Wt./Material Depth Thread Size Type A :ka V?gﬂ%e Size -
) N ' 7
477p 5% Jdo -22pe5| pT Azl Porflnagd Cemeat o - a5’ siyd VA
YU TD 55 wee g |220.05° 5504 Fr  l5gip-in| Bentonife Cleps _40.8 - 2047 146 24 [medium]
47 Ib 55 28550y~ 255.94 Fx | M4 | Silice  Send 264’ - 264,51 2948 {20-yo
OTHER ACTIVITIES
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